A new perovskite-type oxide, Ba0.96Bi0.86O2.59(OH)0.41 was prepared by low temperature hydrothermal reaction using NaBiO3·nH2O and Ba(OH)2·8H2O as starting materials. The crystal structure of this compound was refined by single crystal X-ray diffraction data, and the structure refinement with the space group Pm3m (#221) led to Rw = 0.035 and R = 0.054 for all reflections. This compound had the perovskite-type structure with the cubic cell of a = 4.2995(5) Å. The magnetic susceptibility of this compound exhibited no superconductive behavior down to 4 K.
Introduction
The barium bismuth oxide, BaBiO3 with the perovskite-type structure has been investigated extensively by a number of researchers.
1)-3) At room temperature the crystal structure of BaBiO3 may be described as a body-centered monoclinic cell with the space group of I 2/m in which the BiO6 octahedra are tilted along the [110] axis and oxygen breathing mode is displaced along the Bi-O-Bi bonding direction. 4) The oxygen breathing mode displacement forms two distinct crystallographic Bi sites, giving rise to the bismuth charge disproportionation into Bi 3+ and Bi 5+ , the ordering of which gives different Bi-O bond lengths, 2.28 and 2.12Å.
5) The formula of this compound can be preferred as Ba2Bi 3+ Bi 5+ O6. By replacing Ba or Bi atom with Pb, K, or Rb, semiconductive BaBiO3 changes to a superconductor with transition temperature as high as 31K.
6)-11) The monoclinic cell of BaBiO3 changes to the simple cubic cell (a = 4.2881(5) Å) for Ba0.6K0.4BiO3 (Tc = 31 K), 6) the tetragonal cell (a = 6.047(5), c = 8.603(8) Å) for BaBi0.25Pb0.75O3 (Tc = 13 K), 7) ,8) the tetragonal cell (√ 2 a0 × √ 2 a0 × 2 a0) for (Sr0.6K0.4)BiO3 (Tc = 12 K), 9) and the simple cubic cell for K1-xBi1+xO3 (Tc = 10.2 K) 10) and (K0.87Bi0.13)BiO3 (Tc = 10.2 K).
11)
It is difficult to prepare bismuth oxides with Bi 5+ by usual high temperature reaction except the limited chemical composition such as compounds containing Ba atom, however, high pressure condition or hydrothermal reaction can yield bismuth oxides with Bi 5+ . 12)- 15) In particular a variety of bismuth oxides with Bi 5+ such as Bi2O4, 12) trirutile-type ABi2O6 (A = Mg, Zn), 13) ilmenitetype AgBiO3 14) and LiBiO3 15) could be prepared by low temperature hydrothermal reactions using a hydrate sodium bismuth oxide, NaBiO3·nH2O. Recently we reported that a new superconductive perovskite-type bismuth oxide, (Ba0.75K0.14H0.11)BiO3·nH2O was prepared by this method. 16) On the course of this investigation we discovered a new member of perovskite-type bismuth oxide, Ba0.96Bi0.86O2.59(OH)0.41 and investigated its crystal structure and some properties.
Experimental
Black single crystals of Ba0.96Bi0.86O2.59(OH)0.41 were prepared by hydrothermal reaction using NaBiO3·nH2O and Ba(OH)2·8H2O with a molar ratio of 1:100 at 180°C for 2d. The products included a large amount of white impurities as well as black crystals. After washing with distilled water for several times, the white impurities were removed and the crystals were filtrated and dried at 50°C in air. The thermal stability was investigated by TG-DTA (Rigaku Thermo Plus) with a heating rate of 10°C/min. The species evolved during TG-DTA measurement in a stream of He was analyzed by mass spectroscopy (Rigaku Thermo Mass). The morphology of the sample was observed by scanning electron microscope (JEOL JSM-35C) and the amount of metal atoms was determined by the attached EDX. The valence of Bi atom was determined by iodometry. Single crystal X-ray diffraction data were collected by using a four-circle diffractometer (Rigaku AFC-7R) with graphite monochromated Mo Kα radiation using the ω -2θ scan technique (Dω = (1.37 + 0.30 tanθ )°).
The data were corrected for Lorentz and polarization effects.
Absorption effects were corrected by using ψ scans. The crystal structure was solved and refined with the computer programs from the Crystal Structure crystallographic software package. 17 ),18) Crystal structures were drawn by the computer programs VESTA. 19) Details of the data collection and refinement are summarized in Table 1 . The atomic parameters are summarized in Table 2 .
Results and discussions
Black single crystals were prepared by hydrothermal reaction using NaBiO3·nH2O and Ba(OH)2·8H2O with a molar ratio of 1:100 at 180°C for 2d. The morphology and size of this single crystal were cubic shape and ~30 μ m as shown in Fig. 1 . Higher reaction temperature and longer reaction time did not affect the size of the crystals, however lower concentration of Ba(OH)2·8H2O never yielded this perovskite-type bismuth oxide. A single crystal with a size of approximately 0.03 × 0.03 × 0.03 mm was selected to collect single crystal X-ray diffraction data. From the structural analysis this compound had the perovskite-type structure with the cubic cell of a = 4.2995(5) Å. The single crystal X-ray diffraction analysis indicated no evidence for lower symmetry or supercell and also the X-ray powder diffraction pattern could be indexed completely with the cubic cell as shown in Fig. 2 . When the occupancy of all atoms was fixed to be unit in the refinement, the R-factors were Rw = 0.038 and R = 0.055 for all reflections. The R-factors slightly decreased to Rw = 0.035 and R = 0.054 for all reflections when the occupancy of Ba and Bi atoms was refined. The refinement of the occupancy of O atom was unsuccessful because of large difference of atomic Xray scattering factors between oxygen and metal atoms. The ratio of Ba/Bi was 1.10 from EDX and the valence of Bi atom was found to be 4.27. By taking into account these results and existence of protons observed in TG curve and Mass spectra, the later refinement gave the reasonable chemical composition represented as Ba0.96(Bi0.86□0.14)O2.59(OH)0.41 with the vacancy in the B site. As it is difficult to determine the exact amount of the proton, it was calculated from the ratio of Ba/Bi and the valence of Bi atom on the assumption that this compound has no oxygen vacancy. The crystal structure of this compound is shown in Fig.  3 . The Bi-O distance (2.150(3) Å) in this compound is longer than that (2.137 Å) of Ba0.6K0.4BiO3, that (2.117 Å) 6) for (K0.87Bi0.13)BiO3 11) and the average distance (2.113 Å) for (Sr0.4K0.6)BiO3. 9) This long Bi-O distance may be caused by partial deficiency of this site. The Ba-O distance (3.040(3) Å) was shorter than the average Ba-O distance (3.094 Å) in BaBiO3 5) and this may be come from the existence of the proton. Although the position of the proton could not be determined by single crystal X-ray diffraction analysis, it was deduced to be sited near oxygen atoms form the result of H(D)TaO3 with the perovskite- 
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type structure. Figure 4 shows the TG curve and gas evolution during the TG-DTA measurement for Ba0. 21) prepared by usual high temperature reaction was reported to have the rhombohedral cell of a = 8.730(1) Å and α = 90.24° and in this compound Ba atom occupied partially at the B site. Although there were no evidence for the rhombohedral cell in the X-ray powder diffraction pattern for the sample annealed at 800°C, the length of the a-axis agreed with half of the a-axis of the rhombohedral cell with approximately α = 90° for Ba1.1Bi0.9O2.99. These facts suggest that Ba atom in the perovskite-type compound annealed at 800°C in air is distributed partially at the B site.
20)
Recently we found that a perovskite-type bismuth oxide prepared by hydrothermal reaction was a new superconductor with Tc = 8 K, 16) however, the magnetic susceptibility of this perovskite-type bismuth oxide exhibited no superconductive behavior down to 4 K.
